Purpose To examine the potential confounding effect of biological maturation on the relations between chronological age and health-related quality of life in adolescent British females. Methods Biological maturation, chronological age, and health-related quality of life were assessed in 366 British female students in years 7-10 (M = 13.0 years, SD = 0.8). The Kid-Screen 10 was used to assess health-related quality of life. Percentage of predicted adult height attained at measurement was used as an estimate of biological maturation. Results Pearson product moment correlation demonstrated a statistically significant inverse relation between chronological age and health-related quality of life. This relation was, however, attenuated and non-significant once biological maturation was controlled for. Conclusions Researchers studying health-related quality of life in youth should consider and/or control for the potential confounding effect of biological maturation.
Introduction
The World Health Organization defines health-related quality of life (HRQoL) as ''an individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations values and concerns'' [1] . HRQoL measures have commonly been used by physicians and psychologists to assess the effects of chronic illness in children and adolescents, and the extent to which an illness and its treatment can interfere with their every day life [2, 3] . However, recently, this has been extended to the study and treatment of healthy children [4] . Assessing HRQoL in healthy populations provides useful normative data in comparison with sick groups and a platform for understanding the basis of positive well-being in young people.
Age-related decreases in HRQoL have been documented in adolescence and are particularly marked in girls [5] . Adolescence is the period of physical and psychological transition between the onset of puberty and the mature state and presents a series of meaningful and significant changes that may influence HRQoL. At various stages of development, these changes may be biological/physical (e.g., attaining puberty), cognitive (e.g., ability to engage in social comparisons and think abstractly), educational (e.g., exams), environmental (e.g., transition to senior school), and/or social (e.g., developing romantic relationships) [6] . Age-related decrements in HRQoL may have significant implications for adult health status as low HRQoL in adolescents is associated with greater involvement in numerous health risk behaviors, including smoking, alcohol use [7] , and sedentary living [2] .
Age-related decreases in HRQoL in adolescence are well documented [5, 8, 9] . However, researchers studying this phenomenon have largely ignored the processes of growth and maturation. Although these processes are related to chronological age, they may have a different trajectory. Growth refers to changes in body size, composition, proportions, and physique, whereas maturation refers to progression toward the mature state and can be described in terms of timing and/or tempo [8, 9] . Tempo refers to the rate at which maturation progresses, whereas timing refers to the time at which specific maturity-related events occur (e.g., peak height velocity, menarche). Children of the same chronological age can differ considerably in their degree of biological maturation, with certain individuals entering puberty at a much younger or older age than their peers. Collectively, the processes of growth, maturation, and development constitute the universal task of 'growing up' and interact to govern many of the child's experiences during their first two decades of life [10] .
There is good reason to believe that variation in biological maturation might contribute to age-related decreases in HRQoL, particularly in girls where maturity-associated variation in size, physique, body-composition, functional capacity, and psychological health is marked [9] . Early maturing girls are more likely to be classified as overweight or obese, and obese and overweight youth report lower levels of HRQoL when compared to their normal weight peers [2, [11] [12] [13] . In terms of mental health, early maturing girls report lower physical self-concept [14] , poorer body image [15] , increased distress, anxiety, depression, and psychosomatic symptoms [15] [16] [17] . Advanced maturity is also linked with early substance abuse [18] , alcohol abuse [19] , and early sexual initiation [20] . Accordingly, a number of recent studies have documented a negative association between HRQoL and stage of pubertal development attained (i.e., prepubertal, pubertal, and postpubertal) [21, 22] , with those girls who were more advanced in their pubertal development reporting lower HRQoL scores.
Given the limited research examining the contribution of biological maturation to age-related variance in HRQoL, the purpose of the current study is to examine the potential confounding effect of biological maturation on relations between chronological age and HRQoL in adolescent females. Assuming that advanced maturation in females is associated with lower HRQoL, it was hypothesized that relations between chronological age and HRQoL in adolescent females would be attenuated once biological maturation was controlled for. Finally, in an attempt to explore the role of weight status in relation to associations among chronological age, biological maturation, and HRQoL, the zeroorder and partial correlations were re-analyzed separately for normal weight and overweight ? obese participants.
Method

Participants
The participants were 366 female students (M = 13.0, SD = 0.8; actual range = 11.28-14.46 years) in years 7-9 from two schools in the southwest of England. The study was approved by the University's School for Health research ethics committee, and written consent was obtained from the Head Teachers of the schools acting in loco parentis. Parents were informed of the research by post and asked to provide passive consent (i.e., contact the school/researchers if they did not wish their child to take part). Finally, verbal consent was obtained from pupils.
Field protocol
Height and weight were measured at the beginning of a physical education class, using standardized procedures [23] . Inter-and intra-observer technical errors of measurement (TEM) [24] for height were 0.26 and 0.23 cm, respectively (conducted on a separate sample of college students (N = 10)). TEM represents the degree of accuracy when performing and repeating anthropometric measurements (intra-observer) and when comparing measurements between investigators (inter-observer). Replicate measurements of body weight, using a portable electronic scale (Omega 783 Seca Ltd.), showed negligible variation between trials (TEM = 0.06 kg). The body mass index (BMI, kg/m 2 ) was calculated. Chronological age in decimals was calculated as the difference between date-of-birth and date-of-measurement.
Measures
Health-related quality of life HRQoL was assessed using the KIDSCREEN-10 selfreport index. The measure is a shortened version of the KIDSCREEN-52, an European instrument developed in consultation with adolescents, parents, and carers in 13 European countries [25] that measures HRQoL over 10 dimensions (physical well-being, psychological well-being, mood and emotions, self-perceptions, autonomy, family relationships, relationships with peers, school environment, bullying, and financial resources). Participants rate each statement on a five-point Likert scale, anchored by 1 (never or not at all) to 5 (always or extremely). Scores are transposed through item-response theory to a scale with a mean of 50 and standard deviation of 10, whereby high scores indicate better HRQoL. The index demonstrated an acceptable level of internal reliability (Cronbach's alpha = 0.80).
Biological maturation
Percentage of predicted mature (adult) height attained at time of assessment was used as a non-invasive estimate of biological maturity. The Khamis-Roche [26, 27] (KR) method was used to predict the mature height from current age, height, and weight of the participant and self-reported mid-(biological) parent height corrected for over-estimation [28] . Self-report forms for parental height were sent home with the participants and collected on the day of assessment. The KR method assumes that among youth of the same chronological age, the individual who is closer to their predicted mature height is biologically older (i.e., more advanced in maturity) [29] . For example, a girl who has attained 98% of her predicted adult height at 12 years would be considered biologically more mature than a girl of the same chronological age who has attained 86% of her predicted adult height. One participant who was notably advanced in biological maturation ([3 standard deviations above the expected mean value for her age and sex) was excluded from all subsequent analysis. The authors of the KR method recommend that it should not be applied to youth who may present potential abnormal growth patterns [26, 27] . On note, the exclusion/inclusion of this participant did not alter the direction or statistical significance of any of the subsequent statistical outcomes.
Weight status
Using the BMI as an indicator of weight status, participants were classified as being normal weight, overweight, or obese using international standards established by Cole and colleagues [30] .
Statistical analyses
Descriptive statistics were calculated for age, body size (i.e., height, weight, weight-for-height), and percentage of predicted mature height. A combination of analysis of variance (ANOVA) and multivariate analysis of variance (MANOVA) was conducted to examine differences in HRQOL, biological maturation, and growth indices across whole year age groups (e.g., 11 years = 11.00-11.99 years). Zero-order and partial correlations were conducted to examine relations between chronological age and HRQoL, before and after controlling for biological maturity, respectively.
Results
Descriptive statistics pertaining to age group differences in HRQoL, biological maturity, and growth indices are summarized in Table 1 . HRQoL varied across age groups; F (3,361) = 6.28, P \ 0.001, g p 2 = 0.05. Post-hoc analyses (Scheffe's) revealed that 11-year-olds reported significantly higher HRQoL than 12-year-olds (Cohen's d = 0.46), 13-year-olds (d = 0.56), and 14-year-olds (d = 0.51). The 12-, 13-, and 14-year-olds did not differ in terms of HRQoL. Results of the MANOVA revealed a main effect for whole year age group on indices of growth and maturation, Wilks' Lambda = 0.42, F (12,947.47) = 30.60, P \ 0.001, g p 2 = 0.25. Subsequent univariate F-tests demonstrated significant age group differences in biological maturation, F (3,361) = 105.56, P \ 0.001, g p 2 = 0.47, height, F (3,361) = 33.69, P \ 0.001, g p 2 = 0.22, weight, F (3,361) = 16.56, P \ 0.001, g p 2 = 0.12, and weight-for-height, F (3,361) = 4.13, P \ 0.01, g p 2 = 0.03. Of note, inspection of the standard deviations for percentage of predicted adults stature by age group (Table 1) suggested that variation in biological maturation decreased with age, as expected (i.e., a greater proportion of girls have become fully mature).
Relations between chronological age and HRQoL
Zero-order correlations for the total sample indicated an inverse relation between HRQoL and chronological (i.e., decimal) age (r = -0.17, P \ 0.01). A scatter plot detailing relations between HRQoL and chronological age is presented in Fig. 1 . This relation was, however, attenuated and non-significant once biological maturation was controlled for (r = -0.02, P = 0.36). Of note, a significant inverse correlation was observed between biological maturation and HRQoL (r = -0.21, P \ 0.001). The scatter plot associated with this analysis is presented in Fig. 2 . A Fisher R-to-Z transformation [31] was conducted to determine whether the relations between biological maturation and HRQoL, and chronological age and HRQoL, differed from one another. The two coefficients did not differ from one another at a statistically significant level (Z = 0.56, P = 0.29).
Weight status and HRQoL
A univariate analysis of covariance (controlling for chronological age and biological maturation) was conducted in order to examine differences in HRQoL between normal weight (n = 296) and overweight ? obese (n = 69; 23% of sample) participants. As predicted, normal weight participants reported significantly greater HRQoL (M = 46.7, SD = 9.0) when compared to overweight ? obese participants (M = 43.1, SD = 6.7), F (1,361) = 6.00, P \ 0.05, g p 2 = 0.02. The magnitude of this difference was, however, small. Significant effects were not observed for either of the covariates (chronological age: F (1,361) = 1.44, P = 0.23, g p 2 = 0.00; biological maturation: F (1,361) = 1.86, P = 0.17, g p 2 = 0.01).
Relations between chronological age and HRQoL by weight status
To examine how relations between the constructs of interest varied relative to weight status, separate zero-order and partial correlations were conducted for girls categorized as normal weight and overweight ? obese. An inverse relation between HRQoL and chronological (i.e., decimal) age was observed in normal weight youth (r = -0.20, P \ 0.001). This relation was, however, attenuated and non-significant once biological maturation was controlled for (r = -0.08, P = 0.09). An inverse relation between biological maturation and HRQoL (r = -0.20, P \ 0.001) was observed in the normal weight sample. In the overweight ? obese sample, chronological age was unrelated to HRQoL (r = -0.03, P = 0.41). The relation between the aforementioned constructs remained non-significant (r = -0.02, P = 0.43) when biological maturation was controlled for. In the overweight ? obese sample, biological maturation was unrelated to chronological age (r = -0.02, P = 0.44). Scatter plots describing relations between HRQoL and chronological age for normal and overweight ? obese participants are presented in Figs. 3 and 4, respectively.
Discussion
The results of this study support the contention that biological maturation is inversely related to HRQoL in adolescent females and may contribute to age-related variance in HRQoL within this population. Closer inspection of the More specifically, the inverse relations between chronological age and HRQoL, and biological maturation and HRQoL were observed in normal weight but not overweight ? obese participants. This observation is of particular interest as suggests that age and biological maturation may be of less consequence to HRQoL in girls who are overweight or obese. It is possible that others factors serve as more important predictors of HRQoL in overweight and obese youth. Further investigation as to why the predicted relations were observed in normal weight, but not overweight ? obese girls is warranted.
The observed inverse relation between maturation and HRQoL is similar in direction and magnitude to relations between maturation and other health-related behaviors, such as smoking, drinking, and physical activity [32] . Although an inverse relation was observed between chronological age and HRQOL, in our sample, this relation was attenuated and became non-significant once biological maturation was controlled for. Accordingly, this suggests that it is the process of maturation and not chronological age, per se, that may contribute most to the decrements in HRQoL during adolescence. As noted, there are a number of reasons as to why biological maturation should be more closely related to HRQoL than chronological age in adolescent females. First, early maturation, in girls, is associated with a less positive physical and psychological health. Second, puberty-related changes in body size and physique that may challenge or diminish HRQoL through the negative impact that a greater body size, and/or absolute and relative fat-mass has on the HRQoL domains encompassing body image and physical self-perceptions. The observed differences in HRQoL across participants of varying weight status would support this contention. The overt manifestation of secondary sex characteristics may also trigger changes in perceptions of the self and perceived quality of life. Secondary sex characteristics are visible and hold significant social stimulus value, and as such may evoke social and behavioral responses that affect HRQoL. These mechanisms may act independently of chronological age.
The current findings suggest that researchers interested in the study of HRQoL in normal weight adolescent females would be well advised to consider, if not control for, biological maturation. Though the assessment of biological maturation is often perceived as costly and invasive; there are a number of non-invasive methods that researchers can employ. Some existing self-report measures of biological maturity (e.g., through self-assessment of secondary sex characteristics), though easy to use, are reliant on the participants' awareness of their own development and may susceptible to social desirability bias. However, the present study demonstrates the utility of a brief, non-invasive method of calculating maturity status that could be routinely employed by researchers outside a clinical setting. 
